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Glossary

Consistent with the evolutionary literature, we use ‘intentional’ language throughout this
manuscript to describe how cells, individuals, and even genes behave. While terms like as
‘selfish’, ‘cheat’, ‘altruism’ or ‘spite’ may seem anthropomorphic and imply intention, they
are formally justified on the basis that natural selection causes individuals to act with agency:
they are selected to act “as if”” they were maximising their fitness, and will therefore act as if
they were selfish, cheating, altruistic or spiteful (1). They represent a shorthand for well-

defined categories of behaviours, so it is important that they are consistently defined (2).

Cheat / Cheating: a trait that brings inclusive fitness benefits to a cheat but costs to a co-
operator when cooperation is directed towards a cheat rather than an intended recipient (3). In
a mixed population of cheats and non-cheats, cheats should fare better, and non-cheats should
fare worse, than each would do in separate, homogeneous populations where the cheats have

no one to cheat, and co-operators are not cheated upon.

Cooperation: a behaviour that benefits another individual that has been favoured by

selection as a result of that beneficial effect (2).



Germline: the cells that connect generations of organisms through sexual reproduction (4).
This refers to the gametes themselves, and to the progenitor germline stem cells that produce

the gametes.

Individual: An entity that has undergone a major evolutionary transition: any constituent
parts cannot reproduce outside of this entity, and there is low internal conflict compared to

among individual conflict (5).

Major evolutionary transition: A major evolutionary transition in individuality is defined
by two conditions (5). First, entities that were capable of independent replication before the
transition can replicate only as part of a larger unit after it. Second, there is a relative lack of
within-group conflict so that the larger unit can be thought of as a fitness-maximizing
individual in its own right (6). Maynard-Smith and Szathmary identified stepwise increases in
complexity that are referred to as major evolutionary transitions: the formation of genomes
from independent replicators; the evolution of a DNA-RNA-protein replication system rather
than just RNA; the formation of eukaryotes from proto-eukaryote engulfing proto-
mitochondria; single cells joining to form multicellular organisms; and, in some insects, the

formation of colonies from individual multicellular organisms.

Modularity: A modular organism is an organism built from repeating parts that are at least
semi-autonomous, and can collect or produce their own sustenance and reproduce
independently of other modules, although they may still rely on shared structures or
resources. The branches of a tree, for example, are supported by the same trunk and root

system, but each branch has leaves that collect energy and can produce reproductive flowers.

Pluripotent (plenipotent) cells: cells that are able to produce progeny that contribute to both
germline and somatic cell (7). Pluripotent cells differ from totipotent cells, as they may not be
able to produce all cell types, such as the interstitial cells of Hydra that produce both somatic

cells and germline cells, but cannot produce all somatic cell types (8).

Relatedness: the probability that individuals share a gene that is identical by descent (9, 10).

Relatedness should be considered at the locus for the social trait, rather than across a whole



genome, although relatedness is often the same across a genome. See box 2 of the main text

for a more thorough discussion.

Selfish: an individual or a trait that benefits the individual expressing it, but comes at a cost

to other individuals or the group (2).

Soma: the cells that are not the germline, they specialise on non-reproductive functions such
as motility, resource capture, etc. In ‘typical’ animals, these cells die between generations and

pass on no genes (4).

Unitary: In contrast to modular organisms, the parts of a unitary organisms are completely
interdependent, we have some organs to collect food, and others that are exclusively
reproductive. No part can survive or reproduce without the others: your arm relies on your

gut to collect energy from food, and your reproductive organs for reproduction.



Unanswered questions in the evolution of the Metazoa

- How strong does within-organism selection need to be to overwhelm between-organism
selection?

- Is there within-organism selection, and what effect does this have on the organism?

- Does within-organism variation persist through multiple generations?

- How frequent must a zygotic bottleneck be to maintain sufficiently high relatedness?

- What was the first Metazoan like? Are asexually reproducing animals with no obvious
germline segregation derived?

- Does a strict germline facilitate increased complexity?

- Do germlines derived from pluripotent progenitors still behave as germlines (ie. lower
mutation rates)?

- How much diversity is present within an individual? How does this vary with mode of
reproduction?

- Is within-individual diversity detrimental to an obligately multicellular organism?
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